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Method fe^FoLEexchangmg ^detector Mmodules Itn Aen X-ray Ddetector Itn A* 
C«omputei^ Ttomograph 

[OOOlLThc present j.pptirfftion h orohy rbim. nrinritv u nder TT5; c. M19 nn 
G.rnu>n pa^m application n.,rT,h^ PF lQ3^lOPa . .... t.. ,^ 9. 3^^^ 
gpntent^ of whirh arg herc^ Y inrnrpor ated herein hy 

field of the Invention 



[0002LTbe invention ££aeQlb:.relates to a niethod for exchanging a Hrst detector 
module having K charmels from k to j in an X-ray detector in a ee«^ 
£2mEta£i.tomograph having a module configuration a with a total of M detector 
modules and KxM channels, for a second detector module mV^.*W«he first 
detector module BlMmhl^J^i^.n associated correction table Ts,.^„ for 
ehmmating temperature-dependent signal changes, which is dependent on the 
respective module configuration of the detector and needs to be recreated 
following the exchange of a detector module. 

Background of t^A Inva^*:^^ 

{0003].It is general knowledge that the individual detector elements which are 
contamed in the detector modules of a ee«pe*e..comEU^tomo^^^^ and supply 
the detector module's channels w.th signals have U^mperature-dependent signal 
errors wh.ch are corrected using correction tables stored in the ee»^oznt>uted 
tomograph's processor. Such a correcUon table uses the differential changes in a 
detector's channel signals for a respectively prescribed configuration of the 
detector modules in the detector, 

[0004].Crcatin8 this co-reclion table requires a high level of involvement. Funher. 
p»d-it is created in the factory upon the delivery of a ee«p«,«,,^ 
tomograph for .he detector with its detector modules in the respective 
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configuration which is to be delivered. If a detector module, or usually one or more 
channels in a detector module, is faulty, it is necessary to exchange this module. 



[0005].Since each detector module has correction values which are firstly module- 
typical but are secondly also dependent on the respective module configuration, 
that is to say on a detector module additionally provided in the detector, it is not 
simply possible to create such a correction table for each individual detector 
module away from its sunoundings. Instead, it is necessary to create the correction 
table for the new detector module in relation to the surroundings of the entire 
detector, more precisely in relation to the surroundings of the other detector 
modules in the overall detector, that is to say in the respective module 
configuration. 

r0006].This currently meaw-indicai££.that exchanging a detector module requires 
highly qualified personnel with correspondingly complex testing equipment to 
create such a correction table at the site of the eemp«tefcomputed tomograph, that 
is to say generally on the customer's premises. Such a method is complex, time- 
consuming and correspondingly expensive, particularly "in situ". 

SUMMARY ""^ '^ HE INV^ NTinr^ 

[0007].This gives rise to (he-an_object of finding a method which permits a 
detector module to be exchanged, without having to perform the complex 
procedure of creating a correction table on the customer's installation. 

Th i" n h jo nt in .. o hit.u J b > th <i Hft.t hnr l ha^in^ ( h o f o ui^H ^e^^^tbe^^patem^teHB. 
Ai i* m rnc oous r e f i n n rnf^nts of tlu j ui u a. 01 k . 3an bo f ound iMfe e^ub^taHBs. 



[0008 ] An embodiment ofiT he invention is based on the following ideas 
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[0009Uf the complexity for exchanging the detector module in a CT detector is 

jointly determined to a significant extent by the creation of a coirection table for 

the temperature-dependent response of this detector module, then one aim should 

be able to exchange a module at the customer's premises without the need for 

individual creation of a correction table in situ J^n thk^hieb case, it is possible 

to revert to measurements which are created under the factory conditions more 

favorable for testing. As a result, the repair of a detector, which requires a module 

to be exchanged, should be restricted to the absolute minimum, namely to the 

mechanical exchange of the detector module and to the subsequent calibration of 

the eemptttcfa anputei tomograph. The text below illustrates the theoretical 

considerations on which the inventive method is based. 

[OOlOLThe relative, temperature-dependent signal change S^^ in the channel x of 
a detector module m in the surroundings of a module configuration a can be 
defined as follows; 



1 



where S^. is the absolute value of the signal change, which is independent of the 
respective module configuration. M„ is the absolute mean of the signal change in 
the module m, which is dependent on the respective module configuration, and N 
is the number of detector modules, 

[OOllLAccordingly, for every identical channel x of the moduJe configuration a 
following an exchange of module from m to m'. the signal change can be described 
as follows: 

■5,..,-.x =5„,^ -^(M, +M,^ + M„. +. . 

Where m' is intended to be the index for the now new module m'. 

3 
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[0012LThe following is obtained from the difference between the two equations 
cited above for the modules m and m*: 



^a,m'.jc -S^.^,x ^S^^,x --^^'^ 
N 



[0013].For these last Iwo equations, the following relationship is obtained by 
subtracting the equations: 

[0014J_This thus ««e«»-indi£3tes_that, for each channel, the signal change S in a 
new detector module m' can be calculated on the customer's premises on the basis 
of known signal changes in the neu- module m' in a reference configuration b for 
the signal changes in the old module m in the customer configuration a and the 
signal change in the old module in the reference configuration b. If this calculation 
is carried out for each of the channels, then an overall correction table can be 
created for a newly exchanged detector module in a customer installation, if the 
correction tables for the old module are available for the customer's installation 
and a reference installation. Further. «.d^e correction uble for the new module is 
available in the same reference installation. 

[0015].In practice, however, it is found that a detector module also needs to be 
exchanged if there is a fault in one of its channels. For this reason, useful 
information which goes beyond the respective possibly faulty channel is sought. 

[00l6].Thia can be done using the propeny of the detector module that the mean of 
the signal changes behaves independently of the respective module configuration. 
The following is true: 



I 
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In this case, the indices k to j represent the individual channels of the respective 
module, with the index x specifying a channel between k and j. 

I0017LResolving the equation following the signal change S,,,,, in the module m' 
which is to be newly used in the customer's installation with the module 
configuration a for the channel x then results in the following formula. 

^ i = * i=Jc 

rOOlSLSince the formula cited above still takes account of the presence of all the 
channels, it should be pointed out that, when faulty channels in the old module 
arise, the signal changes S,^; and/or Sb.™,; in the respective faulty channels can be 
approximated either through interpolation or extrapolation for the adjacent 
channels- marginal channels, with the Ciror po.sibly caused thereby moving in the 
area of approximately 1/K. Normally, a daector module has up to 16 channels, 
which taeafw -indic^es that this results in an error of at most approximately 6%, If 
a plurality of channels in a module fail simultaneously, then this error can increase, 
and an equalizaUon calculation of this type no longer appears appropriate in the 
event of damage with, for example, more than four faulty channels. 

[0019Un line with the basic concept of an cmbodin..n, invention outlined 
above, the inventor proposes a method for exchanging a detector module having K 
channels x from k to j in an X-ray detector in a eem^omnuteH tomograph 
having a module configuration a wich a total of M detector modules and KxM 
channels for a second detector module m". where the first detector module has an 
associated correction uble T,,,^„ for eliminating temperature-dependent signal 
changes which is dependent on the respective module configuration of the detector 
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and needs to be recreated following the exchange of a detector module. The 
inventive method provides that for the first and second detector modules m, m', 
preferably at the same position, in a detector in a reference eampate fcomputed 
tomograph having the module configuration b, a respective correction table 
Ts{b,m*). Ts<bj,»-.^ is created and its differences, preferably only in the area of the 
channels of the detector module which is to be exchanged, are ascertained and the 
new correction table Tsf*„.^, for operating the second detector module m' in the 
e6«»pw«coinEiiigd tomograph having the module configuration a is calculated by 
transferring the ascertained difference values to the old correction table Ts(^„, 



[0020].This currently ouUined method now allows exchange of a detector module 
in a particular eempetefcomEiiied tomograph preferably in a customer's 
^^^mp^e^SQineuted tomograph, without the need to determine a correction table for 
the new detector module in this eoffiptrtet yomput^t j tomograph by mee^sm of 
measurement in situ. 



[0021Ut» one development of this inventive method, the inventor also proposes 
calculating the individual values for the new correction table Tj,,^,^, according to 
the following formula: 



V _ 

i=k i=k 



where K corresponds to the number of channels in a detector module, where the 
detector module has the channels k to j - the channels in an X-ray detector are 
counted continuously and across detectors S„,,p corresponds to the correction 
value S for the module configuration n with the detector module o. and the channel 
X is an element of channels k to j in this detector module o. 

[0022]_For the case of a detector module m to be exchanged which has a faulty 
channel i, the inventor also proposes calculating the signal values S for this 
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respective failed channel by inteipoIaUng or extrapolating adjacent channelsrfie^ 
tha<-&_ guch, it is also possible to exchange detector modules which firstly have 
failed channels and for which, secondly, it has not been possible to perform any 
previously archived measurement on the reference deicctorr-^^^hiswhieh mdftDs 
i,ndicate§ ,thai the missing information needs to be provided by i»eftt» -wav of an 
appropriate consolidated approximation calculation or estimate. 

[0023LAccording to an embodiment nf rht> invention, it is possible to establish 
whether a channel is regarded as being faulty as a result of, by way of example, the 
measured signal values for this channel exceeding a prescribed limit value, the 
method for selecting such a limit value being known per &e and being used 
commonly in practice. 

[0024LAS already illustrated in the fundamental considerations for en embodime nt 
oLthe invention, the new correction table Ts(u.mVx) can be created by reverting to a 
correction table Tst^nvx) measurement, that is to say for the old module in the 
customer installation's module configuration, which was created and archived 
prior to the failure, preferably before the eemp«tefcomEiJted tomograph was 
delivered. 

[0025LIt can likewise be particularly advantageous to create the new correction 
table Tsam'x) by reverting to a correction table Tsa^mji) measurcmeni^— *That is to 
say, a measured correction table can be created fnr the old module in a reference 
installation having the module configuration b at the factory - which was created 
and archived prior to the failure, preferably before the eeffi^te fcomputed 
tomograph was delivered. 



[0026LAdditionaI features and advantages of the invention can be found in the 
description below of preferred exemplary embodiments with reference to the 
drawings. 
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BRIEF DESCRIPTION OF THE DRa WTNf:< g 

[0027]_^,^t least one fflv e mto n embodiment of the invention will be explained in 
more detail below with reference to the drawings, in which: 

Figure 1 shows a schematic illustration of a ee mputcr computed tomograph 
from the side-, 

Figure 2: shows a schematic illustration of a oomputcr - c omputed tomograph 
from the front; 

Figure 3 shows a schematic illustration of a subsection of a detector with 

detector modules, and exchange thereof; 
Figure 4 shows a graphical illustration of the correction table on the basis of 

measurements; 

Figure 5 shows a graphical illustration of the values S in the correction table 
with calculated values for two modules. 

DETAILED DESmTP TIPN QFTHE PREFERRED EMBODIMENTS 

[0028UFigures 1 and 2 show a schematic illustraUon of a eo mput e r -gompmcd 
tomograph from the side and from the front. 



[0029LThc computer corppuied tomography e e mpr ijios in£ludes_a scanning unit 1 
which has an X-ray source 4, rotating about a central axis, and a detector 5 
between which the object to be examined, in this case a patient 6, is situated. The 
scanning unit 1 is controlled and the received signals are evaluated by a processor 

2 which shows Che graphical illustration of one or more virtual sections on a screen 

3 as the result of one or more scans. 



[0030LThe detector 5 shown comprises a multiplicity of detector modules in a row 
which, as shown in figure 3. have a mulripHcity of detector elements 7 for each 
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detector module 5.x, the individual detector elements 7 respectively feeding a 
channel in the overall detector Figure 3 schematically shows the operation of 
exchanging a detector module 5.m for a new detector module 5,ni'. Each of the 
detector modules shown schematically in this case has a number of eight detector 
Clements which supply the eight respective channels in these currently shown 
detector modules with signal information. It should be pointed out that, in rcaJity, 
such detector modules are usually provided with sixteen channels, but the number 
of channels per detector module or the number of detector elements per detector 
module and also the number of detector modules per overall detector ore of no 
significance to the embodiment of the invention. 



[0031].Pigures 4 and 5 show the signal values S actually measured, indicated in 
the unit '^Gordon", which have been measured for an overall detector having the 
channels 1 to 672 for a parucular module configuration following the exchange of 
second detector modules in the region between the channels 161 to 176 and 321 to 
336. 



I0032LThc cited unit of measure, Gordon, has the following relationship with the 
signals from the detector channels: SfGonlonJ=^Cc*ln(S) with the constant 
Cc=512/ln(1.2S)s2294.4»MS7. 



[0033LFigure 5 shows, in line with figure 4, the graphically illustrated values for a 
correction table over the individual channels of the detector, but in this case the 
channels 161 to 167 and 321 to 336 for the exchanged modules have not been 
gauged, but rather have been calculated on the basis of the inventive method, to 
which end - as described above - the measured correction values for the old 
module in the current installation and in a reference installation and the 
measurement for the newly inserted module in a reference installation have also 
been used in accordance with an embodimepr nf thf^ invention. 



9 
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[0034LThe result is that it can be seen that a virtually entire match in the 
characteristic curve profile of the correction values is discemable in the region of 
the table from 161 to 176 and from 321 to 336. This comparison thus shows that 
the inventive method can readily be used for recreating a correction table for the 
temperature dependencies of the detector signals, so as significantly to reduce the 
involvemem when exchanging detector modules on a compuio rcomputed 
tomograph. 

[0035]Ji goes without saying that the features of the invention which have been 
cited above can be used not just in the respective combination indicated but also in 
other combinations or on their own, without departing from the scope of the 
invention. 

[00361 Th e invention being^tbus described, it will be obvious that the same mav be 
varied in many ways. Such vari ations ore not to be regarded as a departure from 
the spirit and scope of the inve ntion, and all such modifications as would be 
obvious to one skilled in the art are intended to be included within the scope of the 
following claims. 
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